Study Design: A retrospective cohort study. Purpose: To investigate the factors affecting symptoms in young adults with L5 spondylolysis. Overview of Literature: L5 spondylolysis is a common disease. However, not all patients diagnosed with L5 spondylolysis exhibit symptoms. This study examined the factors associated with the symptoms of young adults with L5 spondylolysis. Methods: The medical records of 70 young adults (mean age, 31.1 years; range, 20-39 years) with L5 spondylolysis treated at the authors' spine center between March 2008 and February 2015 were reviewed systematically. The symptomatic group (n=46) presented with symptoms, such as back pain and/or intermittent lower limb radiating pain, whereas the asymptomatic group (n=24) did not. Age, sex, body mass index (BMI), adjacent disc degeneration, facet degeneration, and measured spino-pelvic parameters (pelvic incidence, sacral slope, pelvic tilt, lumbar lordosis, sacral inclination, and sacral table angle) were investigated with respect to the presence of symptoms. Adjacent disc degeneration was evaluated using T2-weighted sagittal magnetic resonance imaging (MRI, Pfirrmann classification), whereas facet degeneration was evaluated using T2-weighted axial MRI (Grogan classification). Results: Significant differences in the BMI (p=0.032), L4-5 disc degeneration (p=0.030), L5-S1 disc degeneration (p=0.046), L4-5 facet degeneration (p=0.041), and L5-S1 facet degeneration (p=0.027) were observed between the symptomatic and asymptomatic groups. However, multivariate logistic regression analysis revealed that L5-S1 disc degeneration (p=0.033) was the only significant factor. Conclusions: BMI and adjacent disc and facet degeneration may be associated with the manifestation of disease symptoms in young adults with L5 spondylolysis, and the likelihood of the patient exhibiting symptoms increases with increasing severity of L5-S1 disc degeneration.
Introduction
Lumbar spondylolysis is a unilateral or bilateral defect of the pars interarticularis [1] . The disease frequently occurs in young adults and most commonly affects the L5 vertebral level, accounting for 85% of all cases [2] . However, not all patients diagnosed with L5 spondylolysis exhibit symptoms, and the disease may be incidentally diagnosed in asymptomatic individuals during health check-ups. In addition, some individuals with L5 spondylolysis also have disc diseases, multiple-level spondylolysis, spinal stenosis, or another pathological condition of the spine.
Therefore, this study examined the factors associated with the symptoms of young adults with L5 spondylolysis. Duval-Beaupère et al. [3] studied many spino-pelvic parameters and reported that the spino-pelvic parameter plays pathologically important roles in various lumbar diseases. Yin et al. [4] compared the spino-pelvic parameters in patients with lumbar spondylolysis and normal adults and concluded that the pelvic incidence (PI) and sacral table angle (STA) are important pathological parameters. Few studies have been conducted to identify the parameters affecting the symptoms of patients with L5 spondylolysis. Therefore, this study examined whether the symptoms exhibited by young adults with L5 spondylolysis are associated with sex, age, body mass index (BMI), sagittal spinopelvic parameters, segmental motion, and adjacent disc and facet degeneration.
Materials and Methods
We conducted this study in compliance with the principles of the Declaration of Helsinki. The protocol of this study was reviewed and approved by the Institutional Review Board of Dong-A University Hospital (IRB approval no., DAUHIRB-17-011). The informed consent was waived.
Of the patients diagnosed with L5 spondylolysis between March 2008 and February 2015 at the spine center of Dong-A University Hospital, 70 young adults (mean age, 30.9 years; range, 20-39 years; 50 males and 20 females) were selected for the study. Of these patients, 46 patients had lower back pain or intermittent radiating pain and were classified as the symptomatic group, and 24 patients had no symptoms and were classified as the asymptomatic group. Patients in the asymptomatic group were incidentally diagnosed with spondylolysis at work and school health screenings and were included in the study using magnetic resonance imaging (MRI) voluntarily conducted at our health care center. The demographic and radiographic parameters were analyzed retrospectively. The exclusion criteria were (1) lumbar infection, abscess, or pelvic or hip joint disease; (2) spondylolisthesis; (3) previous lumbar spinal fusion or instrumentation surgery; and (4) presence of spondylolysis at other lumbar levels, such as L3 or L4.
Age, sex, and BMI were measured and compared. The demographic data are shown in Table 1 .
Adjacent disc degeneration was examined at L4-5 and L5-S1 using MRI. Disc degeneration at L4-5 and L5-S1 was graded using T2-weighted MRI. The disc structure, extent of distinction between nucleus pulposus and annulus fibrosus, signal intensity of disc degeneration, and height of disc degeneration were examined in the sagittal views. According to the Pfirrmann classification system [5] , the patients were classified as grades 1-5 (Table 2) . Adjacent facet joint degeneration was also examined at L4-5 and L5-S1 using MRI. Cartilage status, osteophytes, and sclerotic change were examined in the axial view. The cases were graded using the Grogan classification system [6] . If the grade of the facet joint degeneration on the left and right was different, the higher grade was selected. The facet degeneration index (FDI) was calculated by adding the three grades of Grogan classification ( Table 2 ). The sides of more degenerated facet joints with the highest FDI were selected for the analysis. The severity of facet joint degeneration was graded according to the highest FDI value.
Adjacent disc and facet joint degeneration in the two study groups were compared, and the association between disc and facet joint degeneration was analyzed using the Pearson correlation coefficient. The groups were subdivided according to age (20-24, 25-29, 30-34, and 35-39 years) to examine the associations between age and the changes in adjacent disc and facet joint degeneration.
When lumbar lateral radiographic images were obtained, the patients were asked to straighten their knees and chest, flex the shoulder joint, and maintain joint flexion to avoid being exposed. Both hip joints were included in the images [7] . In addition, the image was obtained with lumbar flexion and extension on standard lumbar lateral radiography, and the segmental motion of L5-S1 was assessed [8] . The PI, sacral slope (SS), pelvic tilt (PT), lumbar lordosis (LL), sacral inclination (SI), and STA were measured on the lumbar lateral radiographic images. PI was defined as the angle between the line perpendicular to the superior sacral endplate and the line connecting the midpoint of the superior sacral endplate and femoral head axis; SS as the angle between the superior sacral endplate and the horizontal line; PT as the angle between the line connecting the midpoint of the superior sacral endplate to the femoral head and vertical axes; LL as the angle between the superior sacral endplate and superior endplate of L1; SI as the angle between the trailing edge line and the vertical; and STA as the angle between the superior sacral endplate and the trailing edge line of the sacrum. Segmental motion was assessed using lateral flexion and extension radiographs of the lumbar spine. Segmental motion at L5-S1 was assessed when spondylolysis was present [9] . Segmental motion at L5-S1, i.e., the angle between the superior endplate of S1 and the inferior endplate of L5, was measured during lumbar flexion and lumbar extension. The difference between the angles was calculated [8, 10] .
The mean spino-pelvic parameter measurements and MRI scoring were performed by two spine specialists. The intraclass correlation coefficient (ICC) was measured to determine the reliability of the assessment between the two researchers, and as a result, the ICC value was 0.674, indicating a sufficient level of the inter-rater reliability.
Continuous and categorical variables were analyzed using the Student t-test and chi-square test, respectively. The association between adjacent disc and facet joint degeneration was investigated using Pearson correlation analysis, and the associations between age and adjacent disc and facet joint degeneration were assessed using the Kruskal-Wallis test. Univariate and multivariate logistic regression analyses of the patients' age, sex, BMI, and adjacent disc and facet joint degeneration, which are factors affecting symptoms, were performed. Statistical analysis was performed using IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA), and p<0.05 was considered statistically significant.
Results
The symptomatic group consisted of 31 males (67.4%) and 15 females (32.6%), with a mean age of 32.1 years (range, 20-39 years), and the asymptomatic group consisted of 19 males (79.2%) and five females (20.8%), with a mean age of 28.8 years. Intergroup differences were observed for age (p=0.119) and sex (p=0.449). The mean BMI in the symptomatic and asymptomatic groups was 29.2±3.3 kg/ Values are presented as mean±standard deviation or number (%). Table 1) . Disc degeneration at L4-5 was assessed according to the Pfirrmann classification. In the symptomatic group, 7, 18, 15, 0, and 6 patients were classified as grades 1 (15.2%), 2 (39.1%), 3 (32.6%), 4 (0%), and 5 (13.0%), respectively. In the asymptomatic group, 10, 9, 5, and 0 patients were classified as grades 1 (41.7%), 2 (37.5%), 3 (20.8%), and 5 (0%), respectively. Disc degeneration at L5-S1 was also assessed. In the symptomatic group, 2, 12, 15, 12, and 5 patients were classified as grades 1 (4.3%), 2 (26.1%), 3 (32.6%), 4 (26.1%), and 5 (10.9%), respectively. In the asymptomatic group, 7, 12, 2, 3, and 0 patients were classified as grades 1 (29.2%), 2 (50%), 3 (8.3%), 4 (12.5%), and 5 (0%), respectively (Table 3) .
The FDI at L4-5 was assessed according to the Grogan classification. In the symptomatic group, 2, 9, 29, and 6 patients had <3 (4.35%), 4-6 (19.57%), 7-9 (63.04%), and 10-12 points (13.04%), respectively. In the asymptomatic group, 3, 18, and 3 patients had <3 (12.5%), 4-6 points (75%), and 7-9 points (12.5%), respectively.
The FDI was also assessed at L5-S1. In the symptomatic group, 1, 7, 27, and 11 patients had <3 (2.17%), 4-6 (15.22%), 7-9 (57.70%), and 10-12 points (23.91%), respectively. In the asymptomatic group, 2, 10, 11, and 1 subjects had <3 (8.33%), 4-6 (41.67%), 7-9 (45.83%), and 10-12 points (4.17%), respectively ( Table 4) .
The association between adjacent disc and facet joint degeneration was investigated using the Pearson correlation coefficient. The results were as follows: the Pearson correlation coefficient was 0.594 between L4-5 versus L5-S1 disc degeneration, 0.27 for L4-5 disc degeneration versus L4-5 facet degeneration, 0.108 for L4-5 disc degeneration versus L5-S1 facet degeneration, 0.297 for L5-S1 disc degeneration versus L4-5 facet degeneration 0.176 for L5-S1 disc degeneration versus L5-S1 facet degeneration, and 0.587 for L4-5 facet degeneration versus L5-S1 facet degeneration (Table 5 ).
Significant intergroup differences were observed for adjacent disc degeneration and adjacent facet joint degeneration. The mean grade of disc degeneration at L4-5 was 2.6±1.2 and 1.8±0.8 in the symptomatic and asymptomatic groups (p=0.030), respectively; the mean grade of disc degeneration in the two groups at L5-S1 was 3.1±1.1 and 2.0±1.0, respectively (p=0.046). The mean FDI at L4-5 Values are presented as mean±standard deviation or number (%). Values are presented as mean±standard deviation or number (%). (Table 6) . Univariate logistic regression analysis also indicated that the BMI (p=0.023), L4-5 disc (p=0.009), L5-S1 disc (p=0.005), L4-5 facet (p=0.007), and L5-S1 facet degeneration (p=0.006) were significant factors, but multivariate logistic regression analysis indicated that only L5-S1 disc degeneration (p=0.033) had a significant impact ( Table 7) .
Assessments of lumbar lateral radiographs revealed no significant intergroup differences for six spino-pelvic parameters (PI, PT, SS, SI, LL, and STA) or segmental motion.
The 
Discussion
Spondylolysis is defined as a defect in the pars interarticularis of the vertebral arch [1] and is the most common cause of low back pain in children and adolescents [11] . According to the results of a comparative study of adolescent athletes and adults who complain of acute low back pain, spondylolysis occurred in 47% and 5% of adolescent athletes and adults, respectively [12] . Although spondylolysis may have many causes, stress fractures caused by repetitive loading are believed to be the most common cause [13] . A high incidence rate of spondylolysis has been reported in many sports, but its incidence is particularly high in sports requiring lumbar hyperextension [13, 14] . The prevalence of spondylolysis is generally higher in males than in females [15] . Out of 70 patients selected in our study, 50 were males. The symptomatic and asymptomatic groups consisted of 31 and 19 males and 15 and five females, respectively. Patients with spondylolysis experience pain aggravated by hyperextension of the lumbosacral spine and pain radiating to the lower legs. In fact, pain is caused by lumbar extension and rotation in >90% of patients with spondylolysis [16] . On physical examination, severe local tenderness, particularly in the lower back, determined by the stork or hyperextension test is observed. Muscle spasms are present around the spine, and tight hamstrings are found in approximately 70% of patients. However, radiating pain is rare [17] . Spondylolysis rarely has a noticeable deformity, but lumbar hyperlordosis and flat buttocks are observed in spondylolisthesis. Spondylolysis can be diagnosed by the "Scottie dog" sign. A pars defect or fracture of L5 may alter the biomechanics of the spine, particularly at the L4-5 and L5-S1 segments, and may increase the stress and strain on the discs and facet joints of L4-5 and L5-S1 during axial loading or body motion. Adjacent disc degeneration was speculated to be strongly associated with pain in patients with L5 spondylolysis. In the present study, L4-5 (p=0.030) and L5-S1 disc degeneration (p=0.046) were significantly associated with the presence of symptoms. Adjacent facet joint degeneration was also expected to affect the symptoms, and our results revealed that L4-5 facet joint degeneration (p=0.041) and L5-S1 facet joint degeneration (p=0.027) were significantly associated with the presence of symptoms. Accordingly, disc and facet joint degeneration could be significant factors affecting the symptoms observed in patients with L5 spondylolysis. These results suggested that the degenerative changes in adjacent discs and facet joints significantly contribute to the symptoms in patients with L5 spondylolysis (Tables 3, 4) .
In the present study, Pearson correlation coefficients were used to examine the correlations between the two variables. The correlation coefficients for L4-5 disc degeneration versus L5-S1 disc degeneration, L4-5 disc degeneration versus facet joint degeneration, L5-S1 disc degeneration versus L4-5 facet joint degeneration, and L5-S1 disc degeneration versus facet joint degeneration were 0.594, 0.274, 0.297, and 0.587, respectively (Table 5) . Overall, these findings indicate that L4-5 disc degeneration, L5-S1 disc degeneration, L4-5 facet joint degeneration, and L5-S1 facet joint degeneration are correlated with each other.
The cohort was divided into four sub-groups according to age (20-24, 25-29, 30-34, and 35-39 years) to examine the associations between patient age and adjacent disc and facet joint degeneration. The mean grade in the symptomatic group was greater than that in the asymptomatic group. In the symptomatic and asymptomatic groups, adjacent disc and facet joint degeneration did not increase significantly with age (p=0.252 and 0.219, respectively). Furthermore, age-related degeneration was not significant for those aged 20-39 years with L5 spondylolysis (Table 6 ). Spondylolysis can also be a risk factor for disc and facet joint degeneration. Therefore, univariate and multivariate logistic regression analyses of the patients' age, sex, BMI, and adjacent disc and facet joint degeneration, which are factors affecting the symptoms, were performed. Univariate logistic regression analysis revealed that L4-5 disc, L4-5 facet, L5-S1 disc, and L5-S1 facet degeneration were significant factors, whereas multivariate logistic regression analysis revealed that only L5-S1 disc degeneration had a significant impact. If the odds ratio was >1, the likelihood of symptoms increased with increasing value of the independent variable. Therefore, symptoms are more likely to appear with more severe L5-S1 disc degeneration (Table 7) .
Recently, Oh et al. [18] reported that the PI and SS in patients with L5 spondylolysis were higher than those in normal subjects, but the STA was lower in patients with L5 spondylolysis. Yin et al. [4] concluded that the PI in patients with spondylolysis was significantly higher than that in normal subjects (p<0.001), and the STA was significantly lower in patients with spondylolysis (p<0.001). Furthermore, the PT, SS, and LL in patients were significantly higher than those in normal subjects (p<0.05). Previous studies reported that the gravity loads on the spine are composed of two components at L5-S1, i.e., a forward shear force along the superior endplate of S1 and a downward compression load perpendicular to the superior endplate of S1. Moreover, the shear force increases gradually from L1 to L5 to a peak at L5. The higher the SS and LL are, the greater the shear force and stress on the L5 pars interarticularis. In contrast, a small STA leads to a greater shear force in the lumbar spine, particularly in the lower lumbar spine, which causes more stress on the pars interarticularis and may result in spondylolysis. In the present study, however, patients with L5 spondylolysis were recruited and then allocated to dedicated groups based on the presence of symptoms. In the two aforementioned studies, significant differences for the SS, PI, and STA were observed between patients and normal controls [4, 18] ; however, in the present study, no significant intergroup differences were observed for the SS (p=0.063), PI (p=0.096), and STA (p=0.092), although these three parameters tended to increase or decrease in the two aforementioned studies. In contrast, no intergroup difference was observed for the other spino-pelvic parameters. The aforementioned two studies focused on spino-pelvic parameters, such as PI, but the results obtained could not to be used to determine if these parameters were responsible for symptoms in patients. However, these results did not suggest that these factors significantly contributed to the symptoms in patients with L5 spondylolysis. Additional large-scale studies will be required to clarify this issue.
This study has several limitations. The type of work, daily lifestyle, and psychosocial factors may contribute to the symptoms of L5 spondylolysis. In particular, spondylolysis occurs more frequently in individuals with jobs that place stress on the lower back, such as those involved with carrying heavy objects, standing for long periods, or using vibrating equipment. Furthermore, this study does not provide the biomechanical issues of back pain. Second, data were insufficient to support the results suggesting that BMI contributed to the symptoms in patients with spondylolysis. Third, when patients with spondylolysis were diagnosed, MRI was only rarely performed at our institution. In fact, MRI of the 70 patients was performed at other hospitals or when patients complained of severe pain, suggesting that the patients included in the present study experienced more severe pain than that experienced by the average patient with L5 spondylolysis. Fourth, this was a retrospective single-center study, and the collection of data for the asymptomatic group was limited. This is because generally, MRI was rarely used for asymptomatic patients. For this reason, expanding the subjects further is difficult.
Conclusions
The present study suggested that BMI and adjacent disc and facet degeneration is associated with the manifestation of disease symptoms in young adults with L5 spondylolysis and that patients with more severe L5-S1 disc degeneration are more likely to exhibit symptoms.
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